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TEXACO D-303 


We HEN your engines run clean, they clock 


more mileage between overhauls, use less 





fuel, bring your maintenance costs down. So use 
the oil that assures clean engines—Texaco D-303 
Motor Oil. Ideal for either heavy-duty gasoline 
or Diesel engines. 

Texaco D-303 Motor Oil is fully detergent 
and dispersive, and tops in resistance to oxida- 
tion. That means it keeps harmful carbon, gum 
and sludge from forming . . . assuring protec- 





TEXACO 


run when you use 


MOTOR OIL 


tion against wear and corrosion. Engine parts 
last longer .. . engine power and efficiency are 
higher. 

A Texaco Lubrication Engineer is the man 
who can help you gain these cost-saving advan- 
tages. Just call the neavest of the more than 
2,000 Texaco Distributing Plants in the 48 
States, or write: 

The Texas Company, 135 East 42nd St., New 


York 17, N. ¥. 


TEXACO Lubricants and Fuels 


FOR THE TRUCKING INDUSTRY 
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ENGINE OIL PRESSURE 


HE LIFE LINE of the human body is the blood 
system with the heart pumping the fluid of 
life through arteries, capillaries and veins to 
vital organs and parts of the body where it can best 
serve its purpose Similarly the lubrication system 
with its oil pump, galleries, by-pass lines and ori- 
ices is the life line of an engine 
An important condition of the blood system that 
should be checked regularly is blood pressure since 
it is an indicator of how the system is working. 
Limits or ranges of blood pressure have been estab 
lished that are considered normal, however. condi 
tions may arise, such as extra body activity, that will 
wuse variation in pressure beyond the normal blood 
ressure range. These variations are also normal 
ind not detrimental but illustrate the point that 
sideration should be given to all the factors in- 
volved before conclusions are drawn regarding the 
significance of blood pressure changes. Similarly, 
the lubrication system of an engine the oil pres- 
sure may be very useful for determining its proper 
functioning which is essential for long engine life. 
he term “engine oil pressure” is often found in 
rature on engines, however, little is ever men- 
tioned beyond stating a pound per square inch 


aa 


e at some speed condition for the particular 
ezine involved. The question naturally arises as to 
Wy measure oil pressure continuously. The answer 
obviously is to note if oil pressure changes occur 
di -ing engine operation; however, the significance 
of these changes can sometimes be misinterpreted 
I refore the purpose of this article is to accumu- 
information on engine oil pressure to better 


understand why it varies and the significance of this 
variation: also, to review some details that have a 


bearing on lubrication system design. 
Engine Lubrication Systems 
The lubrication system of an engine consists 
primarily of an oil pump and oil lines or galleries 
to feed bearings, timing gears, valve trains, cylinder 
walls and other lubrication points. To complete the 
system an appropriate relief valve is incorporated 
to confine the oil to the main galleries and to re 
lieve peak cold oil pressures. If desired an oil filter 


be included in the system. For example, 


may also 
one of the most common lubrication systems, a com- 
plete pressure system, is shown as Figure 1. 

A variation is found in a system that incorpo- 
rates a separate oil reservoir, otherwise known as a 
dry sump engine, as shown in Figure 2. Two sepa- 
rate oil pumps or a double pump in one body are 
used in this type of system. 

Some engine manufacturers successfully use a 
pressure system to all points except the connecting 
rod bearings and wrist pins. Connecting rod bear- 
ings are supplied with oil by equipping the rod 
bearing caps with dippers to scoop the oil from spe- 

ial troughs in the oil pan aided by impinging a 
stream of oil into the scoops by means of accu- 
rately aligned jets. In this system also it is obvious 
that oil flow rates are of major importance. 

Large Diesels, as shown in Figures 3 and 3A, 
usually have two separate oil systems. One system 
independently lubricates piston and cylinder liner 
walls while a crankcase system is used for lubrica- 
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tion of the remainder of the engine. 
Two different oils are usually used 

this engine. Also, a secondary 
is used on these larger engines to carry 
the crankcase oil to independent filtra 


system 


tion equipment. 


Function of the Oil 


In all engines the oil is called upon 
to perform more than one service. The 
primary service is to maintain a con- 
tinuous oil film between moving sur- 
faces to prevent metal-to-metal contact. 
In addition the oil is required to carry 
away heat generated by friction (oil 
shearing), act as a piston-to-cylinder 
wall seal and in some cases to increase 
piston cooling. It is quite obvious that 
the rate of oil an important 
factor if the oil is to best serve its in- 


flow is 


tended purposes. 


Instrumentation 

It is very desirable to incorporate in 
an engine lubrication system some 
method of measuring oil flow. How- 
ever, instrumentation of this kind is 
costly and in most cases impractical, 
particularly in the automotive field. 
variable closely related to fluid flow is 
pressure. Since pressure gauges are rela 
tively and easy to 
incorporate in an engine lubricating 
system they are used as a means of as 
suring the operator that engine lubri 
cating oil is flowing. However, it is 
difficult to interpret pressure gauge in- 
dications as rates of oil flow since many 
factors affect oil pressure in an engine 
as will be pointed out. The need for a 
low cost instrument for measuring oil 
flow will become more apparent in the 
subsequent discussion. 


less costly to make 


Factors Affecting Oil Pressure 

The factors affecting oil pressure 
should be considered before drawine 
conclusions regarding fluctuations in en 
gine oil pressure. To better understand 
the significance of oil pressure gauge 
indications, consideration should be 
given to some fundamentals of fluid 
flow. Assume that the lubrication sys- 
tem consists of a fixed size and length 
of pipe (galleries) with a definite size 
opening for leakage (bearing clear- 
ances, squirt holes and by-pass) with 
fluid at a constant temperature supplied 
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Figure 3. (Court f Fairbanks, Morse & Co. 
Figure 1 — Details of the Cadillac engine lubrication system. Note this in- 
volves complete pressure by a single oil pump. 

Figure 2 — Lubrication system of Scripps Motors. Note that in this dry sump 
type of engine separate oil pumps are used. 


Figure 3 — Lubricating oil piping arrangement for a wet sump Diesel engire. 
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y a constant volt ( (dis) wement) | | which lO! LIC ¢ an be des ribed by the following equa- 
s the most common type used in engine practice 101 


nder these conditions a definite pressure gradient 


] ' 
ind discharge pressure at the system outlet ts es 
tablished in the system. The only characteristic of 


he fluid that will change this 


scosity. The other { 


pressure condition ts 
actors that would change these 


ressures are OF a mecnanical nature 


(change in 


} 1 
eakage by a change 


in dischi outlet size or vi 


ree 


which again would 


e supply) or in temperature 
ynly affect viscosity. It is recognized that pump dis- 


. ' 1 
narge voiume must be controlled in su 


h a system 


nce changes In viscosity Or pressures affect 


mim? 
tC pul 1p 


utput volume 


Before studving t} 
serore studying the 


simplified oil syste or in actual engines, con 
leration should be given to the equations of fluid 

ow. A simplified \ sion of the flow yuation [for 
ids in losed paths ( pes ) ndet mina! tlow 
rditie ns 1S 


Flow (volume) 
P Pressure Change Along 


1) Pipe Diameter 
( Constant tor Proper Dimensions 
N Viscosity 
This equation states that laminar tluid How in 
d paths varies directly with pressure gradient 
pipe diameter and inversely with viscosity 


\so, a change in path diameter has a greater etfect 
i the 


flow than either pressure drop or viscosity 


I 

nges since flow varies as the square of the diam 

This equation 1s applicable in determining 

hcients of discharge tor some types of orifices 
by pass outlets 

onsidering the positive displacement pump usu- 


found in an engine lubrication system, its per- 


ip Vs — Vi (2) 


WwW) \ Actual Delivery 
Vp Physical Pump Displacement 
Lelivery 


Slip Lossés 


\ Cavitation Losses 


This equation merely states that the actual de 


C 
livery 1s equal to the delivery based on the physical 


apacity and speed of the pump less slip and cavi 


tation losses. The slip losses may be quite large 
since they are similar to laminar fluid flow between 
flat parallel plates. The equation for this condition 


PBI (3) 
Vs 
12CNI 
Vs 


where 


Flow Between Close Flat Parallel 


Plates 
P Pressure Change Along Path 
B Width of Passage 
I Clearance Between Plates 
( Constant for Proper Dimensions 
N Viscosity 
I Length of Passage 


between 
plates varies with pressure gradient and 


This equation states that laminar flow 


flat | 


parallel 
viscosity 1N a manner similar to laminar flow in 


pipes, however, changes in clearance between 
plates, cubed functions, have a greater effect on 


flow than changes in pipe diameter. This equation 
may be applied in determining oil flow through 
bearing clearances. 


The cavitation losses in an engine oil system un 


der normal engine Operating conditions are usually 


negligible. These losses can become detrimental, 


however, in cases Of severe foaming or Improper 


oil viscosity 
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Figure 4 — Curves showing viscosity-temperature relationship 
See text below for discussion. 


Since oil viscosity varies inversely as a function 
of temperature and this fact will be considered in 
the subsequent discussion, the viscosity-temperature 
relationship of two pairs of oils, of widely different 
viscosity and viscosity index (see Table I), has 
been included as Figure 4 for information pur- 
poses. It may be noted that the relationship is not 
linear, which fact is important. In the lower tem- 
perature range large changes in viscosity are ex 
perienced with small changes in temperature while 
at the higher temperatures the reverse is true 


Laboratory Simulated Lubrication System 

To study some variables associated with engine 
lubricating oil systems in simplified laboratory 
equipment the units shown in different views as 
Figures 5 and 5A were used. This equipment con- 
sists of two completely independent units. The 
schematic diagram of the individual units is shown 
as Figure 6. 

Each test unit consists, essentially, of a cylindrical 
reservoir with a conical bottom containing thermo 
statically controlled heating coils, a constant volume 
(gear) pump, a by-pass line with a throttling valve 
to control pressures in the system, a filter line and 
an accurately-metered contaminant extruder so that 
the unit can be used for evaluating oil filters. The 
extruder was not used for the work presented 
herein. The units are such that they can be readily 
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modified. One such modification is shown as Fig- 
ure 7. The screen filter shown in this setup was 
installed to insure removal of any extraneous con 
taminants that might lodge in valve passages, ther 
by varying the original restriction setting. 

The oils used in this bench test type evaluator 
and in the engine tests 
shown as Table I along with their viscosities and 
viscosity indices. It is pointed out that both naph 
thene and paraffin oils covering a wide range of vis 
cosity grades and viscosity indices were included. 


to be discussed later ar« 


By using the test apparatus shown in Figure 
with the throttling valve used to restrict flow we 
have essentially the pipe arrangement assumed 
earlier in this article. Tests were carried out using 
two oils P-3 and N-3S (Table 1) whose Saybolt 
viscosities were approximately equivalent at 130° | 
In the first test, pump speed was kept constant and 
oil temperatures at pump discharge were varied 
from 80°F. to 280°F. Essentially, oil viscosity was 
varied. The resulting pump discharge pressures and 
pressure drops through the line are shown as Fig 
ure 8. These curves show that discharge pressures 
and line pressure drops decreased with increased 
temperature (decreased viscosity). The low VI Oil 
N-3S showed substantially greater discharge pres 
sures and line pressure drops than the high VI oi! 
P-3 in the 80°F. region, but both oils were almost 
equivalent from 105 to 280°F. These results appear 
logical in view of the viscosity of the low VI oi! 
being 600 SU seconds greater at 80 F. than that 
of the high VI oil while at 280°F. the VI oil 
is only 5 SU seconds lower than the high VI oil 
This may be seen from the temperature-viscosity 
relationship of these oils, shown as Figure 9. It 


] 
iOW 


TABLE I 
OIL VISCOSITY DATA 
Oil Viscosity, SUS At Vise 
Designation 100°1 130; F. 210 f Ind 
P-6 L680 Fiz 121 87 
P-5 1220 175 93 88 
P.4 $30 348 8 Oo] 
P-3 547 242 6 97 
P-2 331 156 54 96 
P-1] 172 93 i4 98 
N-6 1690 510 78 0) 
N-5 1178 384 69 0 
N-4 764 280 60 0 
N-3 565 218 55 8 
N-2 9 £35 1S 19 
N-1 205 100 i4 0) 
P-3¢ 523 235 66 102 
N-4A 704 280 66 63 
N-3S 691 247 57 <0 
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5 and 5A 


Figt res 


may be noted that the absolute* viscosities of the 


oils were equal at the respective oil temperatures 
where discharge and line drop pressures were equal 

The oil flow rates determined in this test are 
shown as Figure 10. The dimensionless quantity 


Reynolds Number (R), a parameter 


which characterizes the relative importance of vis 


known as 


ous action, was computed for the severest condi 
tion based on viscosity of the oil at the pump dis- 
harge oil temperature. It was found on this basis 
that oil fow was laminar up to the points R indi- 
ated on the curves of Figures 8 and 10. These are 
2000, otherwise 


which flow 


the Reynolds Number values of 


1own as the lower limit below dis- 


tbances of any magnitude are eventually damped 
viscous action. All flows were below the upper 
itical Reynolds Number value of 12,000 or, in 
instability of flow was not 


her words, encoun 


red 
From the equation of flow (1) it can be seen 
at for constant flow and pipe size, line pressure 
anges and consequently discharge pressures vary 
th viscosity. Since viscosity varies inversely as a 
iction of temperature, as shown in Figure 4, 
n, in this equipment the oil pressure-tempera- 
relationship curves should follow the same 
nd as the viscosity-temperature curves. By com- 
ing Figures 4 and 8 it may be noted that this 
s confirmed through the region of approximately 
stant flow. 
‘sing the same unit in the second test, oil tem- 
ture was maintained constant at 130°F. and 


Viscosit stl product of the kinematic viscosit if 


he gravity at the partuucular temperature invoived 


rm 


tN 


Laboratory equipment for studying engine oil pressure, see page 24 for discussion. 


pump speed varied using oils P-3 and N-3S again. 
Ihe pressure data obtained are shown as Figure 11. 
These curves show that discharge and line drop 
with increased oil flow. Al- 
though the differences in respective pressure values 
between the two oils are considered to be of little 


pressures increased 


significance, the relationship again showed lower 
discharge and line drop pressure for the lower vis 
cosity oil at equal flow rates. These results agreed 
with the equation of flow. Since for any one dis- 
charge pressure the oil flow rates were not equal, 
even though the differences in flow rates are of no 
practical value, it is apparent that the oil pressure 
gauge reading alone did not indicate the quantity 
of oil flowing. 

From Figure 12, where pump speed was varied 
with constant oil temperature and the viscosities of 
both oils were sufficiently high it is apparent that 
the system did not recognize oil VI and output was 
a linear function of speed. However, oil pressure 
increased with output as discussed above. 

From these data it appears that high and low VI 
oils show little or no pressure difference at tem- 
peratures associated with normal engine operation. 


The Reynolds Number was calculated for the 
maximum flow condition to determine what type 
of flow was being obtained. A value of 0.04 was 
obtained which, being less than 0.141, the critical 
value, indicated that laminar flow was experienced 
in all cases. 


Actual Engine Oil Pressures 
These simple tests indicate that normal equations 
fluid flow are applicable to an engine lubrication 
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Figure 6 — Schematic diagram of an engine lubrication bench 
test. See page 24 for discussion. 


system. Therefore, in an actual engine, oil pressures 
should be affected by the following factors: 

1. Oil pressure should vary with oil viscosity or, 
since viscosity varies inversely as a function of tem- 
perature, oil pressure also should vary inversely as 
function of oil temperature. 

. Oil pressure should vary with flow, or since 
pump output varies with speed, oil pressure should 
also vary with engine speed. 


Oil pressure should vary inversely as a func 
tion of outlet size (oil passage clearances) in the 
system or, oil pressure also should vary inversely 
as a function of wear. 


Some oil pressure data measured in an automo- 
tive type gasoline engine wherein all conditions 
were kept constant except for the indicated variable 
are shown as Figures 13, 14 and 15. It may be 
noted that these data confirm the oil pressure state 
ments made above although the relationship trends 
are not exactly similar to those obtained in the 
simplified laboratory equipment. 


Oil pressures as affected by engine speed in a 
two cycle high speed Diesel engine are shown as 
Figure 16. The engine in these cases was in perfect 
mechanical condition, operating conditions in each 
case were similar and two different model oil 
pumps were used. The same trend was shown by 
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each pump, however, the newer model pumy 


showed higher oil pressures which was expected 
since it was a larger capacity pump In service when 
overhauled 
in obtaining the latest de 
signed parts for the particular engine if the manu 


engines are caution should be exer 


cised manufacturers 


facturers’ performance specifications are to be met 


Oil pressure-engine speed relationships were de 
termined in a gasoline engine for one oil at various 
crankcase temperatures and a constant jacket tem 
perature. The data obtained are shown as Figure 17 
It is apparent that in this case oil viscosity based 
on crankcase temperature had little or no effect on 
idling although the 


first, it 


oil pressure except at speeds 
would 
the 


However 


engine speed .effect was noted. 

appear that perhaps the data are 
equations of fluid flow do not apply. 
further data were obt 
visualize what 0o« 


wrong ofr 


ained on this engine to bet tter 
Oil 

lery temperatures were determined OO the 
engine speed range at 


curred in the oil system. 


three ditferent jacket tem 
peratures with the crankcase oil 
tained 
oil gallery temperatures are 
It is quite apparent that jacket 
marked effect on controlling oil 


engine. Other engines 


temperature main 
The 
igure 18 
temperatures had a 
temperature in this 
have 


low as was possible (110-120°F.) 


shown as I 


also 
characteristics relating jacket 
data show that the oil temperature is not 
constant throughout 


their particular 
and oil temperatures 
These 
the lubrication system, there 


fore, oil viscosity also varies throughout the system 


ine but 
become more complex to apply since oil viscosity 
varies along the flow path 


Phe equations ot flow are valid the eng 
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Figure 7 — Arrangement of a modified engine lubrication te: 
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Figure 9 — Viscosity-temperature relationship for two typical oils. See page 24 for discussion. 
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Figure 10 — Oil flow rates for a simulated lubrication system. 
See page 25 for discussion. 


drops through the engine with decreased viscosity 
were associated with increased oil flow. These data 
show that the effect of jacket temperature on oil 
pressure is markedly different for different types 
of engines. 

Oil pressures for all of the oils shown in Table I 
were determined in an automotive gasoline engine 
that was in good mechanical condition. Data were 
obtained at various speeds while other engine oper 
ating conditions were maintained constant. Then 
the oil pressure determinations were repeated using 
the same oils and the engine equipped with an oil 
pump that had .010” wear on the face of the drive 
gear and .008” increase in backlash between the 
gear teeth. The results obtained on the basis of oi! 
pressure versus oil viscosity at 210°F. are shown 
as Figure 19. 

It is apparent that with the normal pump at the 
various speeds shown, oil viscosity grade had very 
little effect on engine oil pressure. The greatest et 
fect was shown at the highest speed and that was 
less than 4 psi over the whole viscosity range. The 
increase in pressure variation with increase in en- 
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Figure 11 — Oil pressure-flow relationship for a simulated lu- 
brication system. See page 25 for discussion. 
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Figure 12 — Oil flow-pump speed relationship for a simulated 
lubrication system. See page 25 for discussion. 


gine speed was associated with pump characteristics. 


Also, pressure was a function of viscosity rather 
than type of base stock or VI. 

With the worn pump in the highest speed range 
(lower of upper pair of curves) a consistent reduc- 
tion in oil pressure was experienced through all the 
SAE grades. This is reasonable since the excess ca- 
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Figure 13 — Oil pressure-viscosity relationship for a gasoline 
engine. See page 26 for discussion. 
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Figure 14 — Oil pressure-temperature relationship for a gaso- 
line engine. See page 26 for discussion. 


pacity of the oil pump maintained the same relative 
order of pressures which reflected the slip loss in 
the pump resulting from the wider clearances. As 
speed was reduced, using the worn pump, oil pres 
sures were lower and showed a further decrease 
with dec reasing SAE grade. In the lowest speed 
range shown the possibility of insufficient flow rate 
for proper lubrication and cooling existed with oils 
below an SAE 40 grade since the manufacturer 
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Figure 15 — Oil pressure-engine speed relationship for a gas- 
dline engine. See page 26 for discussion, 
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Diesel engine. See page 26 for discussion. 


specifies a minimum of 25 pst oil pressure at these 
speeds. 

These results indicate that at normal engine op- 
erating temperatures the effect of viscosity on oil 
pressure is relatively small when the engine and 
pump are in good mechanical condition. However, 
if large engine oil pressure changes are experi- 
enced with minor viscosity changes, it is an indi- 
cation that an unsatisfactory mechanical condition 
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Figure 17 — Oil pressure-engine speed relationship for a gaso- 
line engine. See page 26 for discussion. 
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Figure 18 — Effect of jacket temperature on oil temperature in 
a gasoline engine. See page 26 for discussion. 


Oil Pressure Related To Flow 

That a reduction in oil pressure means an in 
crease in flow in the engine system is usually ac 
cepted as fact, however, this is true only under 
certain conditions. Considering the oil pump, a 
reduction in outlet pressure 
ethciency, however, in the range of engine oil pres- 
sures normally experienced, this increase of eth 
ciency is small and would increase flow only slightly 
Considering the engine, the only factor that affects 
pressure is viscosity. However, in the normal Op- 


increases volumetri 


erating range of crankcase temperatures there are 
only small changes in viscosity, therefore, also in 
pressure. 

In the case where pressure drop is due to en 
larged clearances, such as bearing wear, flow will 
increase through the enlarged clearances (Equation 
3, page 23) but the total flow in the system remains 
the same except for the following condition. 

Engine oil pumps are normally designed to hav« 
excess capacity to take care of normal engine wear 
or enlarged clearances. To avoid excessive pres- 
sures while the engine is new a by-pass arrange 
ment controlled by oil pressure is incorporated in 
the system. If either a change in clearance or vis- 
cosity occurs that reduces pressure below the pre 
determined setting of the by-pass control, the by- 
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pass valve closes diverting more oil to the engin 


galleries, assuming, of 


1 
course, that the oil pum; 


has excess capacity. The increased How tends t 


restore oil pressure (Equation 1). If conditior 
arise that increase viscosity, or clearances are r 


Also, th 


duced, the process will reverse itself. 


condition can exist whereby the by-pass line is no 


sutficiently large to take care of all the excess flow 
then the oil pressure gauge will indicate a pressut 
rise above the control setting which registers th 
restraint to increased flow (Equation 1, page 23) 

In a worn engine or with a worn pump such a 
shown in Figure 19, it is apparent that at hig 
speeds the pump still had sufficient excess capac 
to override the control pressure setting of 30 ps 


however, at lower speeds there was insutticies 


I 


apacity to maintain pressure. The drop in pres 


I 
sure experienced did not mean more oil was tlow 


ing. Also, the reduced pressures may not have bee 


a reflection ot lower oil Viscosity alone but also 


reduction in flow (see Figure 10). In all of thes 
ases it is apparent that the oil 


pressure 


I 


not necessarily indicate the rate Of Onl How 


Factors Affecting Viscosity 
ted by fuel dil 


and by OX 


Oil viscosity in an engine ts atte 


tion and heat which reduce viscosity. 


] 


dation or contamination with solid or tarry mat 
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Figure 19 — Oil pressure-viscosity relationship for a gasclin 
engine. See page 28 for discussion. 
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SHAFT ZERO Increasing viscosity grades in a rotating journal 
ccrip iT: 11 1 
PRESSURE LINE B ind bearing combination results in an increase of 


heat generation from oil film shearing with increas- 
ing oil viscosity. Accordingly, this increases the 
temperature of oil returned to the bulk oil to be 
supplied to the bearing. Therefore, the net effect 
is a tendency for the changes in oil temperature to 


otfset the viscosity etfect shown in Figure 19 which 






was determined at a constant temperature. Ot 








ourse the inclusion of an oil cooler in the system 


would alter this condition 


Effect of VI On Engine Oil Pressure 


A question 1s usually raised regarding the effect 





of VI on oil pressure since a low VI oil decreases 
in viscosity more rapidly than a higher VI oil as 


temperature increases. In the discussion above it 


I 
! 
1 
| 
\ 
\ 
\ 


has been pointed out that viscosity is the controlling 


\ 4 , , . 
a Ps factor, therefore, it would seem that differences in 
al VI would have an effect. However, in the tem- 

Oil FILM PRESSURE REPRESENTED perature ranges associated with normal engine oper 


ation the viscosity ditference between oils of differ 
ent VI’s in the same grade are relatively small. 


therefore, there should be very little difference in 


BY DISTANCE FROM SHAFT ZERO LINE 


Figure 20 — Section of a journal bearing with polar diagram 


> 


of oil film pressure. See page 33 for discussion. i 
engine oil pressure. This is substantiated by the fol 


lowing data obtained in an automotive gasoline en 
t constant 180° F. jacket and 190°F. oil tem- 


ils which tend to increase viscosity. However, if 
lilution, oxidation or contaminant products present = &!2 


7 
engine oil change the viscosity of the oil the peratures with oils of approximately equivalent 
} 


»1/¢) wy iit ] ‘ Yt iT 
juivalent of more than one SAE grade, then either 10 F. viscosity but different viscosity index 


il change periods ire too extended or improper O P-3( N44 Pg N-5 

peration or performance of the engine are indi VI 102 O5 9 0 
ed. From Figure 19 it may be noted that a change Engine Speed RPM Oil Pressures, PSI 

t one SAE grade in the engine with a normal 1 200 32.3 53.3 32.0 32.2 
np resulted in less than a one psi change in oil LSO 35.4 35.8 34.0 36.0 

pressure which cannot be detected readily on most 2401 36.4 37.0 36.5 ‘7.2 
rine oil pressure indicators 3000 38.0 38.8 38.0 39.0 
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Figure 21 — Showing how the effective length of a bearing is proportional to the length of the area of 
high oil film pressure. See page 33 for discussion. 
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Figure 22 — Showing modern practice of drilling an angular 
hole from the main bearing to feed the rod bearing. See page 
33 for discussion. 


It is apparent that VI had little or no effect on 
the engine oil pressure under normal operating 
conditions. Similar data, shown below, from a rail- 
way Diesel engine again show that the lubrication 
system did not recognize VI during normal opera- 
tion at 240°F. oil temperature and 200°F. jacket 


out temperature. Oil Pres- 
Oll Vis. SUS at 210 F. VI ure, PSI 
A 68.9 0 47 
B 77.0 56 54 
C Epp PP 61 50 
D 79.5 86 5] 
E 80.0 92 {7 


It is recognized that at low oil temperatures, such 
as when starting a cold engine, differences in VI 
are reflected by differences in oil pressure since 
engine oil pressure is a function of viscosity. Under 
these conditions of engine operation the importance 
of using the proper viscosity oil to relieve peak cold 
oil pressures and increase flow is apparent. 

On starting a cold engine (oil cold) a marked 
increase in oil pressure may be noted. This is a vis 
cosity effect. As the engine warms up the oil vis 
cosity is reduced and oil pressure should drop to 
normal. If this does not occur in a reasonable length 
of time, immediate action should be instituted to 
determine the cause of the high pressure. Con 
versely, if soon after starting an engine, oil pres 
sure is not indicated the engine should be shut 
down and the cause of no oil pressure determined. 


Detergent or Dispersive Oils 
It has been noticed that a change in oil pressure 
sometimes results after changing from a straight 
mineral oil to a detergent or dispersive type. It is 
well known that these oils have a reasonable purg- 
ing action in an engine. Loosened deposits may clog 
oil pump screens and intake lines causing reduced 


w 
to 


oil flow and reduced pressure or they may get b 
the pump and clog oil galleries increasing oil pres 
sure by limiting oil flow. By cleaning deposits fro: 
worn bearing and pump clearances, the increase 
leakage can cause an oil pressure decrease. It i 
obvious that some precaution should be exercise 
in changing from a straight mineral to a detergen 
and/or dispersive type oil in a used engine. Non 
of these etfects were ever noted by changing to . 
detergent or dispersive oil in newly overhauled o 
new engines that were in good mechanical condi 
t10Nn. 

As mentioned previously the oil in a pressut 
lubricated engine also serves as a coolant. It 
therefore desirable to have as high a rate of floy 
as possible consistent with the amount of oil contro 
provided by the power section of the engine, other 


WiISC CXCCSSIVE consumption Can result. An Mmcreas 


in flow resulting from increased bearing clearances 


can result in lowered oil pressure and appea 
to be beneficial from its heat carrying standpoint 
however, this may be greatly offset by loss ot oil 


control and the attendant high oil consumption 

Oil Pressure Indications of Engine 
Malfunctioning 

The above discussion and 
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Figure 23 — Schematic diagram of the primary lubriccion 
system of an engine. See page 34 for discussion. 
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Figure 24 — Showing pressure relationship between main and rod bearings. See page 34 for discussion. 


hanves in ot] pressure 


Most € ng 


intended to mean that 


detrimental to engin 


operation Ines 

good mechanical condition, operating under a 
d set of conditions and using a specified vis 
SITY vrade oil will show a detinite oil pressure 
lication. If, after continued use under the same 
disteuse a aie in oil pressure is noted, it is a 
‘ood indication that something in the lubrication 
stem is not normal. The most common change ts 
t of reduced oil pressure. The amount ot reduc 


tion that can be tolerated IS dependent on the en 


Tr 
relatively small 


9 design. In some engines 
ictions may lead to malfunctioning while in 
others rather large reductions may not necessarily 
ise failure although this is not considered to be 
a desirable condition. 
Knowing the engine characteristics with regard 
to engine oil pressure it is possible to associate 


1 1 } 
enzine mechanical maifunctions with deviations 


n normal eng 
functions and their ettect on oil pressure are 


ine oil pressure. Some ot these 


shown listed on page 36. 


lrends In Lubrication System Design* 
Bearings 
ne of the most important individual problems 
modern automotive engine lubrication system 
is he journal bearing. A section of a journal bear 


vith a polar diagram of the oil film pressure 1s 
as Figure 20 
ith 


shown 
vravity feed the oil is usually introduced 


<. er, 194¢ Wil-R Forum e I by Eat Mat 


Ww 


Ww 


; 


between A 
ot lar 


and B and must pass through the region 
ver journal clearance to arrive at C where it 
is available to form the oil wedge. Much oil may 
be lost leakage while passing through the large 
clearances 

This oil may not only be lost for lubrication but 
may be ineffective for cooling. In a pressure system 
oil may be introduced nearer point C, thereby re- 
ducing end leakage and having a maximum amount 
of oil contacting the bearing surfaces for cooling. 

Ihe ettective length of a bearing is proportional 
to the length of the area of high oil film pressure 
(length A Figure 21). The ineffective length 
caused by end leakage is constant regardless of 
any change in bearing 
h affects the high load area directly. Although 
the change is a small per cent of total bearing 
length, it can be an appreciable per cent of the 
high load area and greatly affect the load carrying 
apacity. in Figure 21 wherein 
two bearings of different lengths carrying the same 
load are shown. The oil gradient B is equal, how- 
ever, compare H and note the difference in bearing 
pressure. 


bearing length, therefore, 


lengt 


This is illustrated 


From the standpoint of bearing cooling it is 
essential that end leakage oil does some cooling by 
passing over the journal. However, in some designs 
the use of an annular groove combined with a 
longitudinal dirt slot may carry the oil away before 
it can exert any beneficial cooling. 

lhe modern practice of drilling an angular hole 
from the main bearing to feed the rod bearing, as 
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Figure 25 — Secondary lubrication can be provided by bleed 
holes. See text below for discussion 


shown in Figure 22, may, in the case of a narrow 
bearing, remove most of the end seal. The dotted 
lines are a suggested practice to increase the end 


seal, adding greatly to the cooling oil contact as 
well as directing the oil pressure to the loaded 
bearing oil wedge rather than to its gradient leakage 
edge. The shaded area S in Figure 22 represents an 
oil loss resulting from the large oil feed hole 


Some recent studies have shown that the load 
carrying capacity of a bearing is greatly increased 
when the load rotation is opposite to the shaft rota 
tion as is the case during the highly loaded portion 
of the cycle of a rod bearing. Also a bearing can 
support an instantaneous load much greater than 


the average load under which it will fail 


Lubrication System Pressures 

Figure 23 shows (A) schematic diagram of 
the primary lubrication system in an engine; (B) 
the effect on pressure of locating the pump and by 
pass at the center of the oil gallery; and (C) the 
effect on pressure with the pump at one end and 
relief valve at the opposite end of the gallery. The 
dotted lines indicate pressure gradients for cold oil 
temperature while solid lines are for normal tem 
perature conditions. In the former (B) peak cold 
oil pressures are controlled by a reduction in flow 
while in the latter (C) consideration must be given 
to line size to keep cold oil pressure and resulting 
pump drive torque within a reasonable limit. How- 
ever, there is a gain in oil flow because of the in- 
creased pressure. 

The pressure relationship between main and rod 
bearings is shown as Figure 24. The centrifugal 
pumping effects of the crank throws increase the 


ATION March, 1951 


the rod bearing, thereby increasin 


the How of oil. The oil pressure at the rod bearin 


oil pressure at 


increases as the square of the speed to approxi 
mately 30 pst at 4000 RPM. Bearing temperatur: 
varies almost directly with speed Therefore, at 
increase in oil flow occurs as the cooling require 


ments increase. 


Secondary Lubrication 

Secondary lubrication is usually provided vi. 
bleed holes; four general types are shown wit! 
orresponding flow curves as Figure 25. The ori 
tice size should be determined for the most norma! 
operation temperatures, however, type A_ orifices 
are usually determined at cold oil temperatures wit! 
a resultant increase of flow at the higher tempera 
tures. The knife edge orifice type B has a discharg: 
nearly independent of viscosity. By using smalle: 
hole diameters more oil is available in the primary 
system under cold temperature conditions 

\ design to decrease danger of dirt fouling, by 
means of the action of a free piece of wire, | 
shown as type C. In this type, hole size can be re 
duced in view of its annular nature and less dang« 
of clogging whereas in the straight hole type, siz 

hole is limited to drill size rather than dete: 
mined by actual oil flow. A shut-off type used te 
confine oil to the primary system up to a certait 
pressure, which ts usually low, and may be designed 
to give variable flow, is shown as type D. This typ. 
is often used to isolate the oil filter from the engin 
at low speeds or it may be incorporated in the e1 


> 


gine relief valve as shown in Figure 26 


It cannot be emphasized too strongly that 
squirt hole of *2”, for ease of production, ca 
actually rob the vital engine bearings of a majo 
portion of engine oil pump flow. Even a 46” hol 
is usually too large and a loss through it represents 
three times as much oil flow as is given to any vita 
engine bearing. A larger pump capacity cannot 
wavs rectify this squirt hole loss. At engine idle \ 
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Figure 26 — Showing a type of shut-off valve. See text above 
for discussion. 
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jure 27 Three types of relief valves. See text below for 


ssion., 


oil a 6 GPM at 2000 RPM pur > will deliver 
GPM. A 10 GPM at 2000 RP M pump will 
iver 0.5 GPM at idle. The “46” hole will flow 
GPM at 50 pst, theret ore pressure cannot be 
ieved with a 6 GPM pun p With a 10 GPM 
p, even if th engine should be tight enough 
naintain pressure with a 0.2 GPM flow to the 
rings, less than half flow is available for the 

There seems to be no afi, ie lise froma 
lI properly proportioned oil hole in combina 
with an etficient pump. 


‘ief Valves 
here are two general types of relief valves, 
e which by-pass to the sump and those which 
rn oil to the pump intake. These are also di 
| | 
d into wet or dry types, depending on whether 
drain dry during periods of non-operation 
ith a reliet valve incorporated in the pump 
ing it is usually most convenient to by-pass to 


the pump inlet. Therefore, the valve should be of 
the wet type and non-sticking to prevent air leakage 
and loss of pump prime. 


To assure priming, by-passing to the sump would 
be preferable. The valve can then be wet or dry 
and sticking not be a priming hazard. If possible 
the return should be below the oil level to decrease 
aeration and foaming. 


Three types of valves that have proven satisfac 
tory are shown as Figure 27. Selection, variation 
and combination of these designs should be to meet 
the desired characteristics. Types A and B are low 
pressure types having a larger seating area exposed 
to pressure when open than when closed, thereby 
causing the valve to hunt under critical conditions; 
this may be disastrous in a high pressure system. 
Type C overcomes this, however, in view of the 
close fits required, the oil must be kept exception- 
ally clean 


Aside trom dirt, lacquering is a common cause 
of relief valve sticking. Type C is the worst of 
fender under these conditions. By increasing OD 
clearances type B can be improved while type A is 
loose and is least affected. Type C is best tor accu- 
rate pressure control and quietness. 


Oil Pumps 


Engine designers have increased lubrication 
points as they have become lubrication conscious 
but with modern auto styling oil pans have been 
reduced in size, thereby limiting the size of oil 
pump that can be installed. Therefore, the problem 
cannot be solved by merely increasing pump size 
In the past large manufacturing tolerances were 
employed resulting in large pump clearances despite 
the tact that in a capillary-sealed pump the leakage 
varies as the cube of the clearance. The pump was 
sclected so that the discharge equaled requirements. 


It is usually desired to reach relief pressure by 
1000 engine RPM (500 pump RPM) and if pos- 
sible maintain full pressure at idle or at a time 
when pump efficiency is lowest. From Figure 28 it 
can be seen that the leakage of a conventional gear 
pump is constant at a given pressure so that at a 
lower RPM leakage forms a larger portion of the 
total discharge. Thus a pump with 809% efficiency 
at 1000 RPM (pump) has 20% efficiency at 250 
RPM. The dotted lines in Figure 28 show the per- 
formance of a smaller pump with good low speed 
ethciency. It was designed to give the same flow as 
the first pump at the RPM at which the relief valve 
opens. As a result it gives more oil up to the point 
at which the valve opens and less by-passed oil 
beyond this point. This action can also be applied 
to giving more oil throughout the low speed range 
without increasing top How and pump drive power. 
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The lubrication system is the life line of an en- 
gine; any malfunctioning in this system may lead 
to serious engine failure. Therefore, it is a primary 
requisite in engine operation to maintain the lubri- 
cation system in good condition and to use the 
proper lubricating oil to obtain maximum service 


from the engine. Engine oil pressure is used to 
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Figure 28 — Oil pump performance data. See page 35 for discussion. 


CONCLUSION 


indicate oil flow in the lubrication system, but at 
times the significance of variations in engine oi! 
pressure is not completely clear, therefore, befor 
conclusions are drawn regarding changes in engine 
oil pressures, the characteristics of the engine with 
respect to oil pressure and/or previous experienc: 


on the engine in this respect should be ascertained 





Wh Wh = 


20. 


a 





CONDITIONS AFFECTING OIL PRESSURE 


Some factors affecting oil pressure and their indication on the oil pressure gauge are as follows: 


Faulty gauge 


. Clogged line to gauge 
. Clogged oil pump screen 


Faulty oil pump 
Excessive main, con rod, camshaft or rocker arm bearing 
clearances 


. Clogged full flow filter (provided by-pass is inoperative) 


Insufficient oil filter restriction 
Ineffective oil cooler, depending on type, may keep oil too cold 
or provide insufficient cooling 


. Crankcase oil level just at or below oil pump pick-up 
. Use of excessively low viscosity oil 
. Use of excessively high viscosity oil 


Excessive fuel dilution 
Excessive contamination 


4. Clogged oil passages on the pressure side 


Enlarged squirt holes 
Improper setting or failure of pressure relief valve 


. Oil lines or line fittings broken, cracked or loose 
. Oil pump drive gears stripped or drive broken 
. Oil too cold 


Restrictions in oil pan or oil too viscous to keep oil pump 
intake supplied 
Oil pump pick-up stuck high 


Pressure Gauge Indications 


High or low 

No movement or delayed action 
Low 

Low or erratic 


Low 
Low 
Low 


High or low 
Erratic, ther. low, eventually none 
Low 

High 

Low 

High 

High 

Low 

High, low or erratic 
Low 

Low, erratic or none 


High 


Low or erratic 
Low or none 
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with TEXACO 
REGAL OIL (R&O) 


MOOTHER hydraulic operation .. . longer 
." service between oil changes .. . no stop- 
pages due to rust, sludge or foam since this 
500-ton hydraulic press was charged with 
lexaco Regal Oil (R&O) several years ago. 
Pumps and valves stay clean . . . show far 
less wear than formerly. 

Improved performance invariably results 
when Texaco Regal Oils (R&O) replace 
ordinary oils as hydraulic mediums. Texaco 
Regal Oils (R & O) are turbine grade ... fully 
resistant to rust and oxidation... specially 
processed to prevent foaming. Their service 
life is extra long. 

Leading hydraulic manufacturers recom- 
mend and use Texaco Regal Oils (RG&O). 
You can get them in suitable viscosities for 
every type and size of unit. 

Let a Texaco Lubrication Engineer help 
you. Just call the nearest of the more than 
2.)00 Texaco Distributing Plants in the 48 






TEMACO 





States, or write The Texas Company, 135 
East 42nd Street, New York 17, N. Y. 


TEXACO Regal Oils (R20 
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PARE YOUR 
UPKEEP COSTS... 





Chassis parts last longer when 
lubricated with TEXACO MARFAK 


Texaco Marfak is the tough, long-lasting lubri- 
cant that is both adhesive and cohesive. Rough- 
est roads won’t jar or squeeze Texaco Marfak 
out of bearings; and dust, mud or wheelwash 
can’t get in. Bearings are fully protected against 
rust. With Texaco Marfak on the job, chassis 
parts last longer ... maintenance costs go down. 

For the same economy and efficiency in wheel 


bearing lubrication, use Texaco Marfak Heavy 


THE TEXAS COMPANY ° 
ATLANTA 1, GA., 860 W. Peachtree St., N.W. 


BOSTON 17, MASS...... 20 Providence Street 
BUFFALO 3, N. Y........ 14 Lafayette Square 
BUTTE, MONT........ 220 North Alaska Street 
CHICAGO 4, ILL.. . . .332 So. Michigan Avenue 
BAAS 2, TEX.......% 311 South Akard Street 
og a | | o Sarr 910 16th Street 


SEATTLE 11, WASH 


TEXACO PRODUCTS ° 


Duty. It is self-sealing, assuring safer braking. 
It combats rust, stays in bearings longer, and 
requires no seasonal change. 

Let a Texaco Lubrication Engineer show you 
how to economize with proper lubrication. Just 
call the nearest of the more than 2,000 Texaco 
Distributing Plants in the 48 States, or write: 

The Texas Company, 135 East 42nd Street. 
New York 17, N. Y. 


DIVISION OFFICES 


HOUSTON 1, TEX...... 720 San Jacinto Street 
INDIANAPOLIS 1, IND., 3521 E. Michigan Street 
LOS ANGELES 15, CAL... .929 South Broadway 
MINNEAPOLIS 2, MINN...... 300 Baker Bldg. 
NEW ORLEANS 6, LA.. . .919 St. Charles Street 
NEW YORK 17, N. Y.....205 East 42nd Street 
NORFOLK 1, VA... .Olney Rd. & Granby Street 


oe 1511 Third Avenue 
Texaco Petroleum Products are manufactured and distributed in Canada by McColl-Frontenac Oil Company Limited. 
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